INTRODUCTION
============

The incidence rate of gastric cancer is high worldwide.^[@R1]^ Surgery is the mainstay of treatment for patients with gastric carcinoma, and D2 lymphadenectomy has also been accepted as the standard surgery in East Asia. There has been a proximal migration of gastric carcinoma in the Western countries.^[@R2]--[@R4]^ The incidence of adenocarcinoma at the upper third of the stomach and esophagogastric junction, as well as the proportion of total gastrectomy, has been increasing in the ensuing years.^[@R2],[@R5]^

Splenic hilar lymph nodes (No. 10 lymph nodes) are required to be dissected in D2 lymphadenectomy when total gastrectomy is performed according to the Japanese gastric cancer treatment guideline 2010 (version 3) by the Japanese Gastric Cancer Association (JGCA).^[@R6]^ Although the survival benefit of No. 10 lymphadenectomy is still controversial, there is a trend that the No. 10 lymphadenectomies might be recommended in total gastrectomy with D2 lymphadenectomy with an acceptable complication rate.^[@R7]^ Splenectomy was once performed simultaneously for the purpose of effective lymph node dissection at the splenic hilum. However, it was then not recommended as a routine procedure as some reports showed it is not superior to splenic preservation on the survival rate.^[@R8],[@R9]^ Therefore, spleen-preserved lymphadenectomy is proposed and applied therein.^[@R10]^

Nowadays, there are 2 different operative procedures for spleen-preserved No. 10 lymph nodes dissection, which are in-vivo dissection and ex-vivo dissection, according to whether the dissection is performed after the mobilization of the pancreas and spleen, and migration out from peritoneal cavity. The ex-vivo dissection process is completed under direct vision. It creates good exposures for better skeletonization of blood vessels, clearance of tissues locating at the back area of the splenic hilum and easier control of splenic bleeding. However, it needs veteran operative skills and also has potential risk of torsion of the splenic pedicle. Therefore, ex-vivo dissection could lead to a higher dissected effectiveness, but also a theoretically higher mortality. However, no study has compared the effectiveness of dissection and safety of the 2 operative procedures.

Therefore, this study aimed to compare the effectiveness and safety between the in-vivo and ex-vivo dissection of No. 10 lymph nodes for gastric cancer patients with total gastrectomy.

METHODS
=======

Patients
--------

From September 2009 to November 2013, a total of 178 gastric cancer patients who underwent total gastrectomy with No. 10 lymphadenectomy by a single surgeon from West China Hospital were retrospectively analyzed. Patients were divided into in-vivo group and ex-vivo group according to whether the dissection of No. 10 lymph nodes were performed after the mobilization of the pancreas and spleen, and migration out from peritoneal cavity. The preoperative diagnosis of gastric carcinoma was confirmed by gastric endoscopy followed by biopsy. Patients diagnosed with other gastric malignances such as lymphoma, gastrointestinal stromal tumor, and any previous malignancy or secondary malignancies other than primary gastric carcinoma were excluded. The West China Hospital research ethics committee approved retrospective analysis of anonymous data. Signed patient informed consent was waived per the committee approval since it was a retrospective analysis.

Surgical Techniques
-------------------

In this study, all patients underwent open total gastrectomy with D1+ or D2 lymph nodes dissection for gastric cancer defined by Japanese gastric cancer treatment guideline.^[@R6]^ Roux-en-Y esophagojejunostomy was performed to reconstruct the digestive tract. All the patients underwent spleen-preserved lymphadenectomy to dissect the lymphatic tissue at the splenic hilum without sacrificing the main branches of splenic vessels. The grouping rule of regional lymph nodes was according to the Japanese classification of gastric carcinoma (3rd English version) by JGCA.^[@R11]^ All the operations were performed by a experienced surgeon specialized in gastrointestinal surgery, at the West China Hospital, Sichuan University.

Initial staging should be performed with multi-detector computed tomography of the thorax, abdomen, and pelvis to screen patients for operation. Those patients without distant disease on imaging were the candidates for operation and can be referred to surgery. After the exploration, operator made the decision whether to perform the ex-vivo dissection according to performance status of patients and potential curative resectability of total gastrectomy.

For in-vivo dissection, the splenic vessels and their branches were exposed at the upper border of the pancreas, and lymph nodes and fatty tissues were dissected along the splenic artery from the distal portion of the splenic vessels to the splenic hilum. Then all the tissues were removed from the splenic lower pole to the upper pole by a combination of blunt and sharp dissections without spleen and pancreatic tail mobilization. Cautious were given to preserve the branches of splenic vessels (Figure [1](#F1){ref-type="fig"}A).

FIGURE 1Different operative procedures for spleen-preserved No. 10 lymph nodes dissection. A: In-vivo dissection; B: Ex-vivo dissection.

For ex-vivo dissection, we mobilized spleen and pancreatic tail by dissecting all the ligamentous attachments in a surgical fascial plane firstly. The surgical fascial plane was kept in order to the maximum avoidance of bleeding. When the spleen and pancreatic tail were mobilized to the level where inferior mesenteric vein confluences to splenic vein, they were moved outside from the abdominal cavity. Then all the lymph nodes-bearing tissues at splenic hilum were removed en-bloc under direct vision by a similar aforementioned method. Simultaneously, tissues locating at the back area of splenic hilum were also cleaned by turning the spleen and pancreatic tail to the right side. Sometimes, a few tiny branches of the splenic vessels could be ligated. After the dissection, the spleen and pancreas were fixed to the original position (Figure [1](#F1){ref-type="fig"}B).

Follow-Up
---------

Patients underwent a follow up which was done by telephone calls, letters, or outpatient visits. Patients who needed postoperative chemotherapy received fluoropyrimidine alone or fluoropyrimidine/platinum regimens. The follow-up information was updated to December 31, 2014. The overall follow-up rate was 94.38% (168/178). Eight patients in in-vivo group and 2 patients in ex-vivo group were lost to follow-up.

Clinicopathologic Analysis
--------------------------

The clinicopathologic features, such as gender, age, tumor size, tumor differentiation, tumor location, depth of tumor invasion, lymph node metastasis, staging, morbidity, mortality, and survival outcome were collected from the database and compared between the in-vivo group and the ex-vivo group. Metastatic ratio of lymph nodes was defined as the ratio of the number of patients with metastatic lymph nodes over the total number of patients; whereas metastatic degree of lymph nodes was defined as the ratio of the number of metastatic lymph nodes over the number of harvested lymph nodes.^[@R7]^ In addition, metastatic ratio and metastatic degree of lymph nodes locating at the back area of splenic hilum were analyzed separately. Clinicopathologic terminology was based on the Japanese Classification of Gastric Carcinoma (3rd English version).^[@R11]^

Statistical Analysis
--------------------

SPSS 19.0 software (SPSS, Chicago, IL) was used for statistical analyses. Variables of normality were tested, and if conforming to the normal distribution, data were expressed as means ± standard deviation. Two independent *t* tests for quantitative data and Chi-squared test or Fisher\'s exact test for categorical data were performed. Otherwise, data were expressed as medians with a range taking the Spearman test into consideration. Survival was calculated by Kaplan--Meier estimation and the log-rank test. Independent prognostic factors were identified by Cox proportional hazards regression model. Two-sided *P* value \<0.05 was considered as statistical significance.

RESULTS
=======

Patient Characteristics
-----------------------

There were 148 patients undergoing No. 10 lymph nodes dissection in-vivo (in-vivo group) and 30 patients with No. 10 lymphadenectomy ex-vivo (ex-vivo group). Although the tumor locations between the 2 groups were slightly significantly different (*P* = 0.033), other parameters including the age, gender, comorbidity, the degree of lymph node resection, curative degree, tumor differentiation, tumor size, depth of invasion, lymph node metastasis status, and Tumor Node Metastasis staging were comparable between the 2 groups (Table [1](#T1){ref-type="table"} ). The general clinicopathologic characteristics are summarized in Table [1](#T1){ref-type="table"} .
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General Clinicopathologic Characteristics of the Patients
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Metastatic Ratio and Degree of Lymph Nodes
------------------------------------------

The dissected No. 10 lymph nodes of 60 patients were proved to be fatty tissues by histological examination in-vivo group, and there were 5 patients whose No. 10 lymph nodes were proved to be fatty tissues in ex-vivo group. The metastatic ratio of No. 10 lymph nodes were 6.1% (9/148) and 10.0% (3/30) for in-vivo group and ex-vivo group, respectively (*P* = 0.435). A total of 140 splenic hilar lymph nodes were harvested in in-vivo group with 88 in ex-vivo group. There were 11 and 12 positive No. 10 lymph nodes for in-vivo group and ex-vivo group, respectively. Hence, the metastatic degree of No. 10 lymph nodes were 7.9% (11/140) and 13.6% (12/88) (*P* = 0.158). In our study, there were 4 patients with lymph nodes locating at the back area of pancreatic tail and splenic pedicle identified by the pathologic examinations. Totally 6 lymph nodes locating at the back area of pancreatic tail and splenic pedicle were retrieved without metastasis.

Operative Variables
-------------------

Actually, the numbers of total harvested lymph nodes and No. 10 lymph nodes increased significantly in ex-vivo group at the cost of prolonged operation time, compared to the in-vivo group (*P* \< 0.05). However, there were no significant differences in terms of intraoperative estimated blood loss (*P* = 0.886), postoperative hospital stays (*P* = 0.696) and reoperation rates (*P* = 0.309) between the 2 groups. The details can be seen in Table [2](#T2){ref-type="table"}.

###### 

Operative Variables, Morbidity, and Mortality of the Patients

![](medi-94-e1305-g004)

Morbidity and Mortality
-----------------------

The overall postoperative morbidity rates were 20.27% in the in-vivo group and 20.00% in the ex-vivo group (*P* = 0.973), respectively (Table [2](#T2){ref-type="table"}). The postoperative complications as well as the Clavien--Dindo classifications are summarized in Table [2](#T2){ref-type="table"}.^[@R12]^ No. 10 lymphadenectomy-related complications, such as pancreatic fistula, pancreatitis, whole splenic infarction, iatrogenic spleen injury, or delayed aneurysm of splenic artery, had not been observed in the 2 groups. However, 1 patient who experienced postoperative intraperitoneal hemorrhage in the ex-vivo group received reoperation and was cured. There was no death in each group (Table [2](#T2){ref-type="table"}).

Long-Term Survival
------------------

As of December 31, 2014, 58 patients in the in-vivo group and 10 in the ex-vivo group died. Although the 3-year overall survival rate for patients in the ex-vivo group was slightly better than that of in-vivo group (61.8% vs 52.0%), the estimated 5-year survival rates of in-vivo group and ex-vivo group were 45.3% and 49.5%, respectively, without statistical significance (*P* = 0.302) (Figure [2](#F2){ref-type="fig"}).

FIGURE 2Survival curves of the 2 groups (*P* = 0.302).

Multivariable Analysis for Overall Survival
-------------------------------------------

The results of univariate analysis and multivariate analysis are showed in Table [3](#T3){ref-type="table"}. Results of multivariable analysis have showed that only adjuvant chemotherapy was an independent prognostic factor for overall survival (*P* = 0.009), after adjusting other factors (tumor location, Lauren type, lymphovascular infiltration, lymphadenectomy degree, curative degree, adjuvant chemotherapy, tumor size, histological differentiation, T stage, N stage, M stage, and procedure of No. 10 lymphadenectomy). However, the procedure of No. 10 lymphadenectomy was not a significant independent prognostic factor (hazard ratio: 0.794 \[0.331--1.905\], *P* = 0.605).
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Prognostic Factors on the Univariate and Multivariate Analysis
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DISCUSSION
==========

The incidence of lymph node metastasis has been reported to be 9.8% to 20.9% at the splenic hilum.^[@R13]--[@R15]^ Due to the high metastatic frequency of No. 10 lymph nodes, No. 10 lymphadenectomy for gastric cancer patients with total gastrectomy has attracted many attentions worldwide. Although No. 10 lymph nodes have to be dissected for a curative total gastrectomy as defined by the Japanese gastric cancer treatment guideline,^[@R6]^ the survival benefit of No. 10 lymphadenectomy is still controversial and the related data or evidence is rare.^[@R7]^ A randomized controlled trial (The Japan Clinical Oncology Group study 0110, JCOG 0110 study) was conducted in Japan to evaluate the role of splenectomy for gastric cancer patients with total gastrectomy in 2002.^[@R16]^ In this trial, patients were randomly divided into splenectomy group or spleen preservation group. Recently, the preliminary results of this trial showed the overall survival rate of spleen preservation group in which the No. 10 lymphadenectomy was optional was not inferior to that of splenectomy group (the No. 10 lymph nodes were completely cleared).^[@R17]^ Although the results could provide the strong evidence for the rationality of spleen preservation and may evoke our concern whether it is really necessary to perform the No. 10 lymphadenectomy, the trial does not answer the question directly. Furthermore, regarding to the previous reported high metastatic frequency of No. 10 lymph nodes,^[@R13]--[@R15]^ No. 10 lymphadenectomy should be considered to be beneficial and necessary for some patients with positive No. 10 lymph nodes or patients with high metastatic risk of No. 10 lymph nodes.^[@R18]^ This is also the reason why the Japanese gastric cancer treatment guideline does not abolish the No. 10 lymph nodes dissection in total gastrectomy.^[@R6]^ Therefore before stronger evidence being available, the necessity of No. 10 lymph nodes dissection in total gastrectomy with D2 lymphadenectomy should be recommended, which has been proved in our previous research.^[@R7]^ And, the optimal candidates for No. 10 lymphadenectomy should also be confirmed in the future clinical trials. As results in previous studies did not support the performance of prophylactic splenectomy to remove macroscopically negative lymph nodes at the splenic hilum in patients undergoing total gastrectomy for proximal gastric cancer.^[@R8],[@R9],[@R19]^ So, spleen-preserved lymphadenectomy has been proposed. Nowadays, in-vivo or ex-vivo dissection for No. 10 lymph nodes has been classified by whether the dissection is performed after the mobilization of the pancreas and spleen, and migration out from peritoneal cavity. However, to our limited knowledge, no research has compared the dissected effectiveness and safety between the 2 operative procedures.

Because the ex-vivo dissection process is done after the mobilization of the spleen and migration out from peritoneal cavity, the difficult of operating in a narrow and deep space at the splenic hilum is overcome. In addition, the ex-vivo dissection could be completed under direct vision, achieving a better exposures, higher skeletonization of blood vessels, complete clearance of tissues locating at the back area of splenic hilum simultaneously and easier control of splenic bleeding. Therefore, it could lead to a higher dissected effectiveness compared with in-vivo dissection theoretically. That the results of metastatic ratio and the metastatic degree in our study were similar to those of other studies.^[@R19]--[@R21]^ However, we should notice that the metastatic ratio and metastatic degree of ex-vivo group were higher than those of in-vivo group although the difference was not significantly different. Actually, the number of total harvested lymph nodes and No. 10 lymph nodes increased significantly in the ex-vivo group, lymph nodes locating at the back area of pancreatic tail and splenic pedicle were indeed identified by the pathologic examinations as well. Our results seemed to demonstrate the higher dissected effectiveness of ex-vivo dissection at the cost of operation time. The relative higher metastatic ratio and metastatic degree in the ex-vivo group indicated that the ex-vivo dissection may lead to a stage migration, but it still needs to be confirmed in further research. According to the Kaplan--Meier and log-rank analysis, we found that there was no statistical significance on overall survivals between the 2 groups. And referring to the results of Cox regression model of proportional hazards, the procedure of No. 10 lymphadenectomy was not a significant independent prognostic factor. Therefore, we could not consider that the ex-vivo dissection of No. 10 lymph nodes is a positive prognostic factor and could improve survival, which still needs to be researched further in a large-scale well-designed randomized controlled trials.

With respect to the safety, our previous results have showed that the complication rate of No. 10 lymphadenectomy was acceptable,^[@R7]^ compared to the group without No. 10 lymph nodes dissection. Other studies also reported spleen-preserved splenic hilum lymph nodes dissection could be performed safely, even in the laparoscopic gastrectomy.^[@R10],[@R21]--[@R24]^ However, the fragile texture of the spleen, the presence of intricate and complex vessels, the narrow and deep space at the splenic hilum and the complicated mobilization process of pancreatic tail and spleen make No. 10 lymphadenectomy always be a technically difficult procedure and may increase the morbidity of patients, particular for ex-vivo dissection since higher skeletonization of blood vessels is needed. Even so, our results failed to show that it was significantly different in morbidity or mortality between the in-vivo group and ex-vivo group. Most of the postoperative complications in each group were pulmonary infections. Only 1 patient suffering from postoperative intraperitoneal hemorrhage in the ex-vivo group was cured by reoperation. Other No. 10 lymphadenectomy-related complications had not been observed in the 2 groups. At the same time, with regard to the operation-related variables, there were no significant differences in terms of intraoperative estimated blood loss, postoperative hospital stays, and reoperation rate between the 2 groups. So, both of the 2 procedures for No. 10 lymph nodes dissection could be performed safely. But what more important is that the procedure should be performed only by experienced surgeons in high-volume hospitals because postoperative splenic bleeding may be potential fatal, especially for ex-vivo dissection procedure.^[@R20]^

There are also some limitations of this study. First, possible selection bias, detection bias, and performance of analysis bias might exist in a retrospective study.^[@R7],[@R25]^ The ex-vivo dissection procedure would not be performed for too obese patients or patients with adhesions surrounding the spleen. And the frequency of ex-vivo dissection was significantly higher in proximal tumors. That because the metastatic risk of No. 10 lymph nodes in the patients with upper third tumor is higher and the No. 10 lymphadenectomy in these patients would attract more attentions, compared with middle or lower third tumors.^[@R26]^ Therefore, ex-vivo dissection which has a theoretical higher dissection effectiveness was mostly selected for patients with upper third tumors. Although the tumor location was not balanced, other important prognostic clinicopathological factors, such as T, N, M stage, were well balanced. Therefore, our results still make sense. Second, maybe the follow-up time for some patients was not long enough. However, our results still remains meaningful on the survival to some extent because most of patients would recur and die within 3 years,^[@R27],[@R28]^ and the analysis of safety between the 2 procedures would not be compromised. In addition, type II error probably exists in our results, because the sample size in the ex-vivo group is relatively small. So, large-scale randomized controlled trials are needed to explore the effectiveness and safety of ex-vivo dissection for No. 10 lymph nodes. Furthermore, the results of metastatic ratio and metastatic degree may be biased since No. 10 lymph nodes may be veiled to be checked out by the presence of fatty tissues in the patients whose dissected No. 10 lymph nodes were microscopically proved to be fatty tissues. Anyway, this research could give some clues for the further researches.

CONCLUSION
==========

In conclusion, both in-vivo and ex-vivo dissection of No. 10 lymph nodes could be performed safely. It seems that ex-vivo dissection of No. 10 lymph nodes can result in a higher effective dissection at the cost of the operation time, but the overall survival rates were not statistically significant between the 2 groups, which should be confirmed further in a well-designed randomized controlled trial.

The authors thank Dr Lip Seng Lee (Department of Surgery, Changi General Hospital, Singapore), a native English-speaker, for his kind language modification of the manuscript.

Abbreviations: IGCC = International Gastric Cancer Congress, JCOG = The Japan Clinical Oncology Group, JGCA = Japanese Gastric Cancer Association, VOLTGA = Volunteer Team of Gastric Cancer Surgery.

KY and Z-HL contributed equally to this study.

Funding: This work was internal supported by Volunteer Team of Gastric Cancer Surgery (VOLTGA), West China Hospital, Sichuan University, P.R. China. This work had domestic support from National Natural Science Foundation of China (No. 81301867, 81372344); National High-Technology Research and Development Program ("863" Program) of China (2015AA020306); and Sichuan University Scholarship Fund. The funding sources had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.

The manuscript was presented at the 11th International Gastric Cancer Congress (IGCC 2015), Sao Paulo, Brazil, June 2015.

The authors have no conflicts of interest to disclose.
